25 proteins, solute translocation, substrate transport 26 27 2 ABSTRACT 28 Substrate-binding proteins (SBPs) are associated with ATP-binding cassette importers and switch 29
5 conformational dynamics. Moreover, subtle structural or sequence differences among SBPs that 98 belong to the same cluster are addressed by examining SBD1, SBD2 and OpuAC that all belong to 99 cluster F. Second, the selected SBPs belong to Type I and Type II ABC importers with extensively 100 characterized substrate (cognate and non-cognate) interactions, such as metal ions (PsaA) 40 , sugars 101 (MalE) 42 , peptides (OppA) 43 , amino acids (SBD1 and SBD2) 37 , and compatible solutes (OpuAC) 38 substrates. We employed single-molecule FRET to analyse SBP conformations, wherein each of the 111 two SBP lobes was labelled with either a donor or an acceptor fluorophore (Figure 2A) 29, 49 . Surface- 
114
Protein labelling did not alter the ligand-binding affinity, that is, the ligand dissociation constant KD 115 ( Table 1) . In our assays, the inter-dye separation reports on the relative orientation and distance 116 between the SBP lobes and is thus indicative for the degree of closing. Steady-state anisotropy 117 measurements indicate that the dyes retain sufficient rotational freedom ( Table 2) Table 4 ). Taken together, some SBPs have the ability to also close without the ligand on 177 the second timescale. However, not all SBPs show intrinsic conformational transitions, unless these 178 occur below the temporal resolution of the measurements (millisecond timescale). Overall, the data 179 indicate that diversity exists in the conformational dynamics of ligand-free SBPs.
181
How do non-transported substrates influence the SBP conformation?
182
Ensemble FRET measurements using all proteinogenic amino acids and citruline were performed to 183 obtain full insight into substrate specificity of SBD1 and SBD2 of GlnPQ. We find that asparagine, GlnPQ, but these amino acids can inhibit the uptake of glutamine (via SBD1 and SBD2) and 191 asparagine (via SBD1) (Figure 4A-C 
225
The inability of certain substrates to be transported, while they appear to induce SBP conformations 226 that are similar to those associated with cognate substrates, was observed for MalE ( Figure 4F 
231
Irreversible and reversible binding of these metals was shown previously 51 , which can now be 232 explained by the extremely slow and fast opening of PsaA in the presence of Mn 2+ and Zn 2+ , 233 respectively. The slow opening of PsaA may explain why Zn 2+ is not transported by PsaBCA, but it is 234 also possible that the TMDs controls the transport specificity 20, 21 . To discriminate between these two 235 scenarios, we examined the impact of altered SBP dynamics on the transport activity of PsaBC. We (Figure 5A 
290
We then investigated the relationship between maltodextrin-specific lifetimes of the MalE 291 closed conformations and published transport rates or ATPase activities of the full transport system 16 .
292
Here, we focused on the cognate substrates maltose, maltotriose and maltotetraose since 293 crystallographic 15 and smFRET analysis ( 
379
The presence of two consecutive binding pockets, one in the SBP and one in the translocator, 380 in at least some ABC importers could indicate that specificity of transport occurs through a 381 proofreading mechanism in a manner analogous to aminoacyl-tRNA synthetases and DNA 382 polymerase 57, 58 . In such a mechanism, a substrate can be rejected even if it has been bound by the The S. pneumoniae D39 mutant strains psaAD280N and ∆czcD were constructed using the Janus 472 cassette system 65 . Briefly, the upstream and downstream flanking regions of psaA and czcD were 473 amplified using primers (Table 5) Confocal scanning experiments were performed at room temperature and using a home-built confocal 588 scanning microscope as described previously 29, 68, 69 . In brief, surface scanning was performed using a 589 XYZ-piezo stage with 10010020 µm range (P-517-3CD with E-725.3CDA, Physik Instrumente).
590
The detector signal was registered using a Hydra Harp 400 picosecond event timer and a module for 
901
Statistics can be found in Table 4 . 
